Mucormycosis outbreaks have been linked to contaminated linen. We performed fungal cultures on freshly-laundered linens at 15 transplant and cancer hospitals. At 33% of hospitals, the linens were visibly unclean. At 20%, Mucorales were recovered from >10% of linens. Studies are needed to understand the clinical significance of our findings.
Mucormycosis is a life-threatening infection by fungi of the order Mucorales, which is associated with mortality rates that exceed 50% [1] . Risk factors include solid organ or stem cell transplantation, neutropenia, diabetic ketoacidosis, iron overload, burns, and trauma. The economic burden of mucormycosis is substantial, with average costs per hospitalization that are almost double those of aspergillosis ($152 954 in 2017 US$) [2] . The disease usually occurs sporadically among immunosuppressed hosts in healthcare or community settings [1] . Outbreaks of healthcare-associated mucormycosis (HCM) can be difficult to recognize because it often is unclear whether cases are occurring above background rates at given centers. Nevertheless, HCM outbreaks are increasingly described [3] . Recently, 3 outbreaks were linked to contaminated healthcare linens (HCLs) [4, 5] or laundry carts [6] . The full extent to which HCLs contribute to the burden of HCM is unknown, and may be under-appreciated. Moreover, it is unknown whether contaminated HCLs account for sporadic cases of HCM, which are not typically subjected to epidemiologic investigations.
Microbiologic testing of HCLs is not mandated by government regulations in the United States or other countries, but it is required by certain third-party certification programs for healthcare laundries (http:// hygienicallyclean.org/wpcontent/uploads/2017/12/hygienic_trsa_fs_standard.pdf; http:// hygienicallyclean.org/wp-content/uploads/2017/12/ hygienic_trsa_fs_standard.pdf). The Textile Rental Services Association (TRSA) administers a voluntary program that certifies US laundries as providing "hygienically clean" HCLs, which are defined as "free of pathogens in sufficient numbers to cause human illness" (http://hygienicallyclean. org/wp-content/uploads/2017/12/hygienic_trsa_fs_stand-ard.pdf). There are no scientifically validated definitions of what constitutes "sufficient numbers," nor is there agreement about which pathogens pose the greatest risk to vulnerable hospitalized patients. Similar microbiologic standards are used by healthcare laundry certification programs in Australia and Europe (http://www.waeschereien.de/ media/downloads/GG%20Imagebroschure%20RALGZ%20 992-2%20EN.pdf). The objective of this study was to determine the extent to which freshly-laundered HCLs delivered to US transplant and cancer centers are contaminated with Mucorales. A microbiologic surveillance study was conducted between 25 May 2017 and 29 December 2017 at 15 transplant and cancer hospitals that were drawn largely from the Transplant Associated Infection Surveillance Network [7] . There were hospitals located in each continental US time zone. Visual inspections revealed that HCL and laundry carts were unclean upon arrival at 33% (5/15) and 20% (3/15) of hospitals, respectively, with evidence of hair, lint, insects, or other soilage (Supplementary Figure) .
Microbiologic testing results for Mucorales, Aspergillus, and other pathogenic molds are summarized in Figure 1 . Freshlylaundered HCLs were contaminated with Mucorales upon arrival at 47% (7/15) of hospitals. HCLs were not hygienically clean for Mucorales at 20% (3/15) of hospitals, based on the failure to attain a >90% culture negativity threshold. At individual centers, 0% to 24% (12/49) of HCLs were culture-positive for Mucorales. Visibly-soiled HCLs or carts and higher maximum temperatures and relative humidities in the vicinity of a laundry were significantly associated with Mucorales-contaminated HCLs (Supplementary Table) .
Longitudinal microbiologic testing was performed to evaluate the variability of Mucorales contamination of HCLs at 1 hospital ( Figure 2 ). Between June 2016 and January 2017, freshly-laundered HCLs did not meet the hygienically-clean standard for Mucorales on 75% (6/8) of sampling dates. A median of 14% (range: 3-27%) of HCLs were contaminated with Mucorales. These data were shared with the laundry, which enacted environmental remediation between February and May 2017.
Cleaning of HCL carts and lint control measures were the major steps undertaken. HCLs were hygienically clean for Mucorales on all post-remediation dates of microbiologic testing between June 2017 and January 2018. No Mucorales were recovered on 83% (5/6) of sampling dates; on 1 occasion, 2% (1/49) of HCLs were culture-positive for Mucorales.
DISCUSSION
This is the first study to measure the Mucorales contamination of freshly-laundered HCLs delivered to US hospitals. HCLs were contaminated with Mucorales upon arrival at 47% of transplant and cancer hospitals, and failed to achieve hygienically-clean standards for Mucorales at 20% of centers. Mucorales were recovered from as many as 24% of HCLs at individual hospitals. Visibly-soiled HCLs or carts, which were observed at 40% (6/15) of hospitals, were significantly associated with Mucorales contamination. These findings are concerning since several HCM outbreak investigations have linked cases to contaminated HCLs. Given our data, infection prevention (IP) programs should be aware that HCLs supplied to their hospitals may be contaminated with Mucorales. At the least, periodic visual inspections of HCLs and carts for general cleanliness are warranted. Based on the local epidemiology of mucormycosis and the populations at risk, programs can decide whether to incorporate microbiologic surveillance of HCLs and possible remediation into their IP practices. In the larger context, engaged clinicians, IP practitioners, hospital administrators, laundry industry professionals, and public health officials should collaborate in developing reasonable standards for producing, testing, and certifying hygienically-clean HCLs that balance patient safety, workflow considerations, and costs.
The Centers for Disease Control and Prevention's guidelines for hospital environmental IP recognize that contaminated fabrics and textiles "can be a source of substantial numbers of pathogenic microorganisms, " but conclude that "the overall risk of disease transmission during the laundry process likely is negligible" (https://www.cdc.gov/infectioncontrol/pdf/guidelines/ environmental-guidelines.pdf; http://hygienicallyclean.org/ wp-content/uploads/2017/12/hygienic_trsa_fs_standard.pdf). At present, routine microbiologic testing of HCLs at laundries or in hospitals is not mandated in the United States or recommended by the Centers for Disease Control and Prevention. However, hospitals regularly employ other strategies to reduce the exposure of immunosuppressed patients (in particular, those with neutropenia following chemotherapy or hematopoietic stem cell transplantation) to opportunistic fungi and bacteria, including the use of positive-pressure rooms, high-efficiency particulate air filtering, low-microbial food and beverages, protective isolation, restrictions on plants, and antimicrobial prophylaxis (https://www.cdc.gov/infectioncontrol/pdf/guidelines/environmental-guidelines.pdf). In many instances, there is no conclusive evidence of any benefit for these practices [8] .
Since hospitalized patients are in close and constant contact with HCL, it is worth considering whether protocols that minimize the exposure of high-risk hosts to items contaminated with Mucorales or other potential pathogens are justified.
There is sound rationale for including microbiologic culturing of HCL in quality control and IP protocols, despite the lack of conclusive data on the dangers posed by contaminated items. First, it is clear that direct inoculation or aerosolization of Mucorales spores from contaminated HCLs can result in cutaneous, pulmonary, or systemic mucormycosis [4, 5] . Likewise, HCL-associated bacteria such as Bacillus cereus are well-recognized to cause outbreaks of nosocomial infections [9] . Second, the trend for third-party certification of healthcare laundries internationally is to require periodic microbiologic testing of linens by independent labs (http://hygienicallyclean.org/ wp-content/uploads/2017/12/hygienic_trsa_fs_standard.pdf). Third, infectious inocula of Mucorales in vulnerable patients are not defined, but they are likely low based on studies of immunosuppressed mice [10] . Finally, our longitudinal study suggests that microbiologic surveillance and environmental remediation strategies may diminish Mucorales contamination during laundering and delivery of HCL. It is important to acknowledge that we cannot conclude definitively that the reduced contamination observed here resulted from remediation efforts, rather than reflecting a natural variation in the burdens of environmental molds. Indeed, better understanding of the factors that account for variations in environmental mold burdens would allow laundries and hospitals to focus on the periods of greatest risk for contamination and cases of mucormycosis. Meteorologic factors associated with the presence of Mucorales-contaminated HCL were higher maximum temperatures and relative humidities at the laundry agencies. In a recent study, seasonal variations in mucormysosis at a cancer center correlated with temperatures [11] .
Our study has several limitations. First, it was not designed to assess HCLs for the acquisition of Mucorales within hospitals. Second, this was a descriptive microbiologic study of HCL contamination by molds, and we do not have epidemiologic or clinical data on mucormycosis or other fungal infections at the participating hospitals. Third, we did not culture HCLs for bacteria. Finally, the significance of our finding that HCLs were contaminated with Aspergillus or not hygienically clean for Aspergillus upon arrival at 73% and 33% of hospitals, respectively, is unclear. Transmission of Aspergillus or other non-Mucorales pathogenic molds from HCLs to patients has not been documented. However, a microbiologic surveillance study of bed pillows found a substantial load of many fungal species, in particular Aspergillus, which was postulated to present a potential health risk [12] .
In conclusion, we have shown that freshly-laundered HCLs delivered to many United States transplant and cancer centers were contaminated with Mucorales and other pathogenic molds. Follow-up studies are indicated to understand the significance of our findings and to determine whether standardized microbiologic surveillance and remediation strategies are needed. Other priorities include developing practical and efficient microbiologic testing methods, criteria for interpreting culture results, and reasonable performance standards at laundries and in hospitals. It will be impossible to eliminate infections due to opportunistic environmental pathogens among the increasing populations of highly-immunosuppressed hosts. Rather, the objective for parties with a stake in this area is to work collaboratively to establish rational approaches to risk mitigation that optimize patient safety.
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